In (2RS,4RS)-1-acetyl-2,3,4,5-tetrahydro-2,4-diphenyl-1,5-benzothiazepine, C 23 H 21 NOS, (I), and (2RS,4RS)-1-chloroacetyl-2,3,4,5-tetrahydro-2,4-diphenyl-1,5-benzothiazepine, C 23 H 20 ClNOS, (II), the seven-membered rings have boat conformations, whereas in (2RS,4RS)-1-benzoyl-2,3,4,5-tetrahydro-2,4-diphenyl-1,5-benzothiazepine, C 28 H 23 NOS, (III), this ring has a conformation intermediate between the boat and twist-boat forms. The molecules of (I) are linked into isolated R ] link the molecules of (III) into sheets containing alternating R 2 2 (22) and R 4 6 (30) rings. Re-examination of the published structure of (2RS,4RS)-2,3,4,5-tetrahydro-2,4-diphenyl-1,5-benzothiazepine shows that the molecules are linked by three CÐHÁ Á Á%(arene) hydrogen bonds into a three-dimensional framework.
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Comment
We report here the molecular and supramolecular structures of three N-acyl-C-phenylated tetrahydrobenzothiazepines, (I)±(III), and we compare these with the simpler analogue, (IV), which is unsubstituted at the N atom and whose structure has recently been reported (Laavanya et al., 2002) . These compounds are of interest as their molecular constitutions all bear some resemblance to that of the calcium antagonist drug diltiazem [or (2S,3S)-3-acetoxy-5-(dimethylaminoethyl)-2-(4-methoxyphenyl)-2,3-dihydro-1,5-benzothiazepine-4(5H)-one, (V)] and its 2R,3R enantiomer (Kojic Â-Prodic Â et al., 1984) .
Each of (I)±(III) (Figs. 1±3) contains two stereogenic C atoms, C2 and C4, and hence the formation of diastereoisomers is possible. However, each of the crystalline samples examined contained a single pair of enantiomers, R,R and S,S, and for each compound the reference molecule was selected as having the R,R con®guration. In this respect, the con®gura-tions of (I)±(III) are identical to that of (IV) (Laavanya et al., 2002) . It should, however, be noted here that the schematic view of (IV) in the original report shows the incorrect 2S,4R isomer. The interbond angles at the N atom in each of (I)±(III) sum to $360.0 , so that no further con®gurational isomers are possible.
Compound (I) crystallizes with Z H = 2; the thiazepine rings in the two independent molecules in (I) and in the molecules of (II) and (III) all adopt similar conformations, as shown by the ring torsion angles (Table 5) . Apart from the S1ÐC10Ð C11ÐN5 angle, there are corresponding pairs of torsion angles having similar magnitudes but opposite signs. This fact indicates conformations that, apart from the obvious differences in atom types and bond lengths, approximate in (I) and (II) to pseudo-mirror symmetry; this conformation may be best described as the boat conformation (Evans & Boeyens, 1989) . The conformation of the thiazepine ring in (III) does not exhibit even approximate symmetry and it cannot be described in terms of a single primitive form (Evans & Boeyens, 1989) . Instead, the conformation is intermediate between the boat and twist-boat forms. By contrast, the thia-zepine ring in (IV) exhibits approximate pseudo-twofold rotational symmetry, as the corresponding pairs of torsion angles have similar magnitudes with the same signs, although all four primitive forms contribute to the overall conformation of (IV).
The only signi®cant difference between the bond lengths in (I)±(III) and those in (IV) occurs for the N5ÐC11 bond. In (I)±(III), where atom N5 is coplanar with the thiazepine ring, this distance lies in the range 1.427 (3)±1.439 (2) A Ê , whereas in (IV), where the con®guration involving atom N5 is pyramidal, this distance is 1.395 (3) A Ê . By contrast, the mean values for bonds of types C aryl ÐNC 2 , involving planar N atoms, and C aryl ÐNHC, involving pyramidal N atoms, are 1.371 and 1.419 A Ê , respectively (Allen et al., 1987) . The remaining bond lengths in (I)±(III) show no unusual values.
The supramolecular structures of (I)±(III) all have different dimensionality. In (I), the two independent molecules are linked by a pair of CÐHÁ Á ÁO hydrogen bonds (Table 1) . Atom C145 in the type 1 molecule at (x, y, z) acts as a hydrogenbond donor to carbonyl atom O25 in the type 2 molecule at (1 À x, 1 À y, 1 À z), while atom C245 at (1 À x, 1 À y, 1 À z) in turn acts as a donor to carbonyl atom O15 at (x, y, z) . In this manner, an approximately centrosymmetric R 2 2 (16) dimer is formed (Fig. 4) . This dimeric aggregate is centred at approximately (0.75, 0.37, 0.75) , and this alone precludes the possibility of any additional symmetry. While such an aggregate would normally have been selected as the asymmetric unit, in this instance the asymmetric unit was selected so that each of the independent molecules had the R,R con®guration. The R 2 2 (16) dimer contains one R,R molecule and one S,S molecule. There are four of these dimeric units in each unit cell, but there are no direction-speci®c interactions between adjacent dimers.
In (II), the molecules are linked by two CÐHÁ Á ÁO hydrogen bonds (Table 2 ) into a chain of rings. Atom C24 in the molecule at (x, y, z) acts as a hydrogen-bond donor to carbonyl atom O5 in the molecule at (1 À x, Ày, 1 À z), so forming an R The molecule of (II), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 1
The two independent molecules of (I), showing the atom-labelling schemes: (a) molecule 1 and (b) molecule 2. Displacement ellipsoids are drawn at the 30% probability level.
Figure 3
The molecule of (III), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
(x, y, z) acts as a donor to atom O5 at (1 À x, 1 À y, 1 À z), thus forming an R 2 ) (n = zero or integer) (Fig. 5) . Two chains of this type pass through each unit cell, but there are no direction-speci®c interactions between adjacent chains.
As in (II), the supramolecular structure of (III) is again dictated by two intermolecular CÐHÁ Á ÁO hydrogen bonds (Table 3) , but now their effect is to generate a sheet structure, in contrast with the chain of rings in (II). The stronger of these two hydrogen bonds gives rise to a chain running parallel to the [010] direction. Atom C23 in the molecule at (x, y, z) acts as a hydrogen-bond donor to carbonyl atom O5 in the molecule at ( 1 2 À x, 1 2 + y, 3 2 À z), so producing a C(10) chain, generated by the 2 1 screw axis along ( 1 4 , y, 3 4 ) (Fig. 6) . Four of these chains pass through each unit cell; two, lying in the domain À0.02 < x < 0.52, are generated by screw axes at x = 1 4 , while the other two, lying in the domain 0.48 < x < 1.02, are generated by screw axes at x = Part of the crystal structure of (I), showing the formation of a hydrogenbonded R 2 2 (16) dimer. For clarity, the unit-cell box and H atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (1 À x, 1 À y, 1 À z).
Figure 5
A stereoview of part of the crystal structure of (II), showing the formation of a chain of alternating R Part of the crystal structure of (III), showing the formation of a C(10) chain along [010] . For clarity, the unit-cell box and H atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*) or a hash (#) are at the symmetry positions ( (Fig. 7) . The combination of the R 2 2 (22) rings and the C(10) chains generates a (100) sheet built from R 2 2 (22) and R 4 6 (30) rings alternating in a chessboard fashion (Fig. 8) . Two sheets of this type pass through each unit cell, one in each domain of x as de®ned above, but there are no direction-speci®c interactions between adjacent sheets. Despite the presence of at least three independent aryl rings in each of (I)±(III), there are neither CÐHÁ Á Á%(arene) hydrogen bonds nor aromatic %±% stacking interactions present in any of their structures.
In the light of the very different supramolecular structures adopted by (I)±(III), it seemed of interest to re-examine the supramolecular structure of (IV) using space group P2 1 /n, with Z H = 1, and the atomic coordinates established by Laavanya et al. (2002) , where the atom labelling is identical to that employed in (I)±(III). There are, in fact, three CÐ HÁ Á Á%(arene) hydrogen bonds, all with HÁ Á Ácentroid distances of less than 3.0 A Ê (Table 4) , which were not noted in the original report but which together link the molecules of (IV) into a continuous three-dimensional framework.
In the ®rst of these interactions, atom C6 in the molecule at (x, y, z) acts as a hydrogen-bond donor to the C6±C11 ring in the molecule at ( (Fig. 9) . In a similar way, atom C21 at (x, y, z) acts as a donor to the C20± C25 ring (original atom numbering) in the molecule at ( (Batten & Robson, 1998) , lying in the domain À0.04 < z < 0.54 (Fig. 10) ; a second sheet, related to the ®rst by inversion, lies in the domain 0.46 < z < 1.04. Part of the crystal structure of (IV) (Laavanya et al., 2002) , showing the formation of a CÐHÁ Á Á%(arene) chain along ( Part of the crystal structure of (IV), showing the formation of the centrosymmetric motif that links the (001) sheets. For clarity, H atoms bonded to C atoms but not involved in the motif shown have been omitted. The atom marked with an asterisk (*) is at the symmetry position (1 À xY 1 À yY Àz).
The third CÐHÁ Á Á%(arene) hydrogen bond links adjacent (001) sheets; atom C34 in the molecule at (x, y, z), which lies in the domain À0.04 < z < 0.54, acts as a hydrogen-bond donor to ring C20±C25 in the molecule at (1 À x, 1 À y, Àz), which lies in the domain À0.54 < z < 0.04. The resulting centrosymmetric motif (Fig. 11 ) thus serves to link sheets in different domains and in this manner to link all of the (001) sheets into a single framework.
It is also timely to re-evaluate the intermolecular NÐHÁ Á ÁS interaction in (IV). This interaction was originally discounted (Laavanya et al., 2002) as insigni®cant on the grounds that the shortest intermolecular NÁ Á ÁS distance (Table 4 ) is in excess of the 3.3 A Ê sum of the van der Waals radii (Bondi, 1964) . However, an analysis (Allen et al., 1997) of hydrogen bonds having two-coordinate S as the acceptor, using data retrieved from the Cambridge Structural Database (Allen, 2002) , indicated mean HÁ Á ÁS, NÁ Á ÁS and NÐHÁ Á ÁS parameters in such bonds where S is bonded to two C atoms of 2.74 (2) A Ê , 3.58 (3) A Ê and 145 (3) respectively. Accordingly, if the NÐ HÁ Á ÁS contact in (IV) is not considered to be a signi®cant intermolecular interaction, it is more soundly rejected on the grounds of the long HÁ Á ÁS distance and the small NÐHÁ Á ÁS angle than on the grounds of the NÁ Á ÁS distance.
In summary, we have shown that the very closely related series of compounds (I)±(IV) exhibit supramolecular aggregation in zero, one, two and three dimensions, respectively, and that while in (I)±(III) the aggregation depends solely on CÐHÁ Á ÁO hydrogen bonds, in (IV) it depends solely on CÐ HÁ Á Á%(arene) hydrogen bonds. The occurrence of such differences resulting from very modest changes in molecular constitution undoubtedly presents a considerable challenge for computational methods that seek to predict, whether from ®rst principles or otherwise, the crystal structures of simple molecular compounds (Lommerse et al., 2000; Motherwell et al., 2002) .
Experimental
Compounds (I)±(III) were prepared by acylation of (IV) (Laavanya et al., 2002) with acetic anhydride, chloroacetyl chloride and benzoyl chloride, respectively, in the presence of triethylamine in dry benzene under re¯ux conditions. Analyses found for (I): C 77.0, H 6.1, N 3.7%; C 23 H 21 NOS requires: C 76.8, H 5.9, N 3.9%; found for (II): C 70.2, H 5.0, N 3.6%; C 23 H 20 ClNOS requires: C 70.1, H 5.1, N 3.6%; found for (III): C 79.5, H 5.6, N 3.3%; C 28 H 23 NOS requires: C 79.8, H 5.5, N 3.3%. Crystals of (I)±(III) suitable for single-crystal X-ray diffraction were grown from solutions in ethanol; m.p.: (I) 401±404 K, (II) 393±397 K, and (III) 445±449 K.
Compound (I)
Crystal data organic compounds Table 1 Hydrogen-bonding geometry (A Ê , ) for (I). 
Table 2 Hydrogen-bonding geometry (A Ê , ) for (II). Symmetry codes:
Compound (III)
Crystal data 
For (I) and (II), space groups P2 1 /c and P2 1 /n, respectively, were uniquely assigned from the systematic absences. For (III), the systematic absences permitted Cc and C2/c as possible space groups; C2/c was selected and con®rmed by successful structure analysis. All H atoms were located from difference maps and subsequently treated as riding atoms, with CÐH distances of 0.95 (aromatic), 0.99 (CH 2 ) and 1.00 A Ê (aliphatic CH). Examination of the re®ned structure of (I) for possible additional symmetry using ADDSYM in PLATON (Spek, 2003) showed that none could be detected.
For all compounds, data collection: KappaCCD Server Software (Nonius, 1997); cell re®nement: DENZO±SMN (Otwinowski & Minor, 1997) ; data reduction: DENZO±SMN; program(s) used to solve structure: OSCAIL (McArdle, 2003) and SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: OSCAIL and SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 2003) ; software used to prepare material for publication: SHELXL97 and PRPKAPPA (Ferguson, 1999) .
X-ray data were collected at the EPSRC X-ray Crystallographic Service, University of Southampton, England; the authors thank the staff for all their help and advice. JNL thanks NCR Self-Service, Dundee, for grants that have provided computing facilities for this work.
Supplementary data for this paper are available from the IUCr electronic archives (Reference: FA1057). Services for accessing these data are described at the back of the journal. Table 3 Hydrogen-bonding geometry (A Ê , ) for (III). Table 4 Hydrogen bonds and short intermolecular contact parameters (A Ê , ) for (IV).
Original atom numbering (Laavanya et al., 2002) . Cg1 and Cg2 are the centroids of the C6±C11 and C20±C25 rings, respectively. (2) 3.05 (2) 3.490 (3) 116 (2) Symmetry codes: (Spek, 2003) ; software used to prepare material for publication: SHELXL97 and PRPKAPPA (Ferguson, 1999) . 
